In this paper, we explore various cosmological parameters and cosmological planes (ω D − ω D ′ , statefinder) for new Tsallis agegraphic dark energy in the framework of Chern-Simon modified gravity. We consider this scenario in a flat FRW universe for both non-interacting and interacting case, between dark energy and dark matter. It is observed that the equation of state parameter gives quintessence-like nature of the universe in all of the cases. Also, the squared of the sound speed shows unstable behaviour for this scenario. The ω D − ω D ′ plane represents the freezing region in most of the cases.
I. INTRODUCTION
The surprising discovery of the accelerated expansion of the Universe is one of the exciting progress in cosmology in the last few years [1] [2] [3] . However, a search for the exact nature of the phenomenon driving this acceleration is still under way. In order to explain this behavior, two main approches are considered: introducing the concept of dark energy (DE) as a new mysterious cosmological component or modifying the gravitational part of the Einstein equations [4] [5] [6] .
The Chern-Simons modified gravity theory is one of modified theories of gravity that has been developed for explaining the accelerated expansion, which is motivated from string theory and loop quantum gravity. This modified gravity theory is an extension to GR, introduced by Jackiw and Pi [7] , aimed to solve the long standing problem of cosmic baryon asymmetry by introducing a parity-violating CS term to the Einstein-Hilbert action. Here, the gravitational field is coupled with a scalar field using a parity-violating Chern-Simons term.
Among all theoritical models, ΛCDM model, which consists of a mixture of the cosmological constant Λ and the cold dark matter (CDM) is the best model. However, this model faces two difficulties. In order to solve those two problems, many dynamical dark energy models have been proposed namely, agegraphic dark energy [8] , which is based on the karolyhazy uncertainly relation [9] δt = βt 2/3 p t 1/3 (1) where β is a dimensionless constant of order unity and t p denotes the reduced Plank time. Since, this model suffers from the contradiction to describe the matter-dominated universe in the fast past, the new agegraphic dark energy model with the conformal time η is proposed by Wei and Cai [10] .
As Gibbs has pointed out, in systems in which the partition function diverses the Boltzman-Gibbs theory cannot be applied and the Boltzman-Gibbs additive entropy must be generalized to the non-additive entropy, known as Tsallis entropy [11] [12] [13] . On the other hand, Tsallis and Cirto [14] , stated that, the entropy associated with the black hole is written as S δ = γA δ , where γ is an unknown constant and δ denotes the non-extensive parameter. As we know, the gravitational systems namely, cosmic lie whition this class, thus it may be better that described by using the generalized entropies namely Tsallis entropy. In this regard, applying Tsallis generalized entropy in holographic hypothesis led to Tsallis holographic dark energy (THDE) [15] . The cosmological consequences of some Holographic Dark Energy (HDE) Models and also the Generalized Entropy based HDE Models in the dynamical Chern-Simons framework, as a modified gravity theory, can be found in Ref [16, 17] respectively. In this paper, we want to study the nature of the new agegraphic dark energy by assuming Tsallis entropy in framework Chern-Simons modified gravity. A number of paper on dark energy models based on Tsallis entropy are available in Ref [18] .
We organized the paper as follows. In section II, we provide the basic cosmological scenario of Chern-Simons modified gravity. Section III, we describe new Tsallis agegraphic dark energy, statefinder plane, ω D − ω D ′ plane and stability analysis. In section IV, we study cosmological parameters and cosmological planes for both non-interacting and interacting case in NTADE at background CS modifieg gravity. In the last, we state our results.
II. CHERN-SIMONS MODIFIED GRAVITY
The dynamical Chern-Simons modified gravity can be described by the following action [19] 
where R represents the Ricci scalar, ∇ µ is the covariant derivative, θ is the dynamical variable, l shows a coupling constant, * R ρσµν R ρσµν is a topological invariant called the Pontryagin term, V (θ)
is the potential term that is set to zero in the current work for simplicity and S mat represents the action of matter. Now, the variation of the action with respect to metric tensor g µν and the scalar field θ, yields two field equations of CS modified gravity
where, G µν appears as Einstein tensor and C µν is known as the Cotton tensor which is defined as
Moreover, the energy-momentum tensor T µν , is composed of two parts, the matter part T m µν and the scalar field partT θ µν asT
where P and ρ represent the pressure and energy density respectively. Furthermore, u is the fourvector velocity in co-moving coordinates of the spacetime. In the frame work of Chern-Simons modified gravity, for flat FRW universe, the first Friedmann equation can be obtained by using Eqs. (3) and (5) as follows
Here, the dot denotes the derivative of scalar factor a with respect to cosmic time and m −1 pl = 8πG = 1. The FRW metric yields * R ρσµν R ρσµν = 0, hence the field equation (3) is associated with the scalar field takes the following form
With the assumption θ = θ(t), the above equation leads tö
which implies thatθ = ca −3 , c is a constant of integration. In this way, we obtain the expression for Eq.(6) as
In the frame work of Chern-Simons modified gravity, the continutiy equation becomeṡ
where by taking the interaction between dark matter and dark energy into account the above equation may be written asρ
Q is the interaction term and due to the continuity equation, it must be a function of the product of energy density and a term with units of time (such as Hubble parameter). With this idea, from different froms that have been proposed for interaction , we take the following form as
with b 2 as an interaction parameter which transfers the energy between DM and DE. Using this expression in Eq. (11), we get
where, ρ m0 is an integration constant.
III. NEW TSALLIS AGEGRAPHIC DARK ENERGY
Due to some problems in agegraphic dark energy model, which is based on the uncertainty relation of quantum mechanics [8] and the time scale t is chosen to be IR cutoff, Wei and Cai [10] proposed a new model of agegraphic dark energy, while the time scale is chosen to be the conformal time η instead of the age of the universe, which is defined by dt = adη, where t is the cosmic time.
On the other hand, Tsallis and Cirto [14] , stated that, the entropy associated with the black hole is written as S δ = γA δ , where γ is an unknown constant and δ denotes the non-extensive parameter.
Recently, applying Tsallis generalized entropy in holographic hypothesis, a new energy density as
was proposed, where B is an unknown parameter and L is the IR cutoff. Now, with assuming η = L, we get the energy density of NTADE as [20] .
A. statefinder parameter, ω D − ω ′ D plane and classical stability
Since numerous dynamical dark energy models is being developed to clarify the accelerating expansion of the universe, we need the geometrical statefinder operators which are used to undrestand the differences between different dark energy models. These general expansions are defined as [21] and distinguish these models is using the ω D − ω ′ D plane, in which ω ′ D > 0 and ω D < 0 present the thawing region, while ω ′ D < 0 and ω D < 0 present the freezing region [22] . In order to check the stability of the DE models, we should evaluate the sign of the squared sound speed. If the sign of v 2 s , which is given by
to be positive, the model is stable otherwise it is unstable [23] IV. NEW TSALLIS AGEGRAPHIC DARK ENERGY IN CS MODIFIED GRAVITY
A. Non-interacting case
With assuming non-interacting case (Q = 0), we obtain the cosmological parameters, which help us for understanding behaviour of this model. At first, by inserting Eq.(16) and its time derivative into Eq.(12), we get
where η = ( 
We can find the rate of universe expansion with calculation, the deceleration parameter q, which is defined as
by differentiating from Eq.(9) and using Eq.(11) and equatioṅ
as
In addition, we can obtain a mathematical expression for the fractional DE density aṡ
By taking the time derivative of Eq.(20) and using Eq.(23) and then replacing in relation (19), we can study stability of this model
Since the expression of r and s are too long, we do not present them here. The evolution of Ω D versus redshift parameter z, for non-interacting case is plotted in Fig. 1 .
From this figure we see that, at the late time, we have Ω D → 1 which is consistent with observations. The equation of state (EoS) parameter given in Eq. (20) is also plotted in Fig. 2 showing that, for different values of δ, the EoS parameter displayes quintessence-like nature of the universe. The behaviour of the deceleration parameter q and the squared of sound speed v 2 s are plotted in Figs. 3-4, which shows, there is a deceleration expansion at the early time followed by an acceleration expansion and since v 2 s < 0, the model is unstable, respectively. The cosmological planes for statefinder and ω D − ω ′ D , for non-interacting case are plotted in Fig. 5-9 . In Fig. 9 , we see for ω D < 0, the evolution parameter shows ω ′ D < 0, which represents the freezing region of evolving universe. 
B. Interacting case
We assume that the interaction term for dark energy-dominated universe can be as Q = 3Hb 2 ρ m .
Like the previous section, by matter of calculations we can find expressions for the cosmological parameters, Ω D , ω D , q, and v 2 s as 
where u = ρm ρ D is the ratio of the energy densities. shows this models is unstable. We plotted statefinder parameters r and s in Figs. 23 and 24. We 
